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FOREWORD 
Recognizing the Importance of the physical productivity of land in 
determining not only its value, but more significantly, the limitations which 
this productivity places on the fann family, the Department of Agricultural 
Economics of the Missouri Agricultural Experiment Station has been de-
veloping methods whereby the total productivity of a farm may be esti· 
mated with reasonable dependability_ A beginning was reported in Re· 
search Bulletin 308 (1939). The next step was to attempt to measure the 
productive value of pastures. Crop reports so far available do not include 
pasture yields, but pasture makes up an important part of the total produc· 
tive power on most Missouri farms. The results of that study were pre· 
sented in Bulletin 443 (1942). 
The r eport here presented is regarded as a significant addition to these 
earlier studies representing a refinement and improvement of earlier tech· 
niques. Greater accuracy has been achieved, and the results should be 
more readily applicable to the practical problem of determining how much 
income a fann f amily may expect from a particular farm. 
O. R. JOHNSON 
Chairman, Department of Agr. Economics 
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Productivity of Farm Land in Missouri 
BUEL FRANKLIN LANPHER, JR.· 
llIo'TRODUCTlON 
The most fundamental aspect of farm land is its productivity. The 
volume of grain, hay, fibre, pasture and timber products that can be ob-
tained for conversion into goods and services that satisfy human wants is 
of concern to people who have no direct connection with agriculture as well 
as to farmers. Productivity affects the price of land, the use of credit, 
assessed valuation for tax purposes, the level of income of farmers and 
their families and the standard of living that can be sustAined within the 
nation. 
Various methods of classifying land and of rating soils have been 
developed. The United States Department of Agriculture has outlined a 
procedure which is based upon the suitability of land for specific uses. 
Under this classification the grade in which the land is placed depends upon 
the intensity of conservation practices needed to prevent serious deteriora-
tion of the Gail when it is in a specific use such as the production of inter-
tilled crops like corn and cotton, or in close growing crops, oats and wheat, 
for exatnple, or in sod forming crops like bromegrass and bluegrass and in 
permanent pasture where the native grasses are dominant.'t 
The net energy value of the total production of all crops was used by 
Rawlings and Johnson~ to determine the gross productivity per acre of 
farms in certain parts of Missouri and Iowa. 
The net income attributable to land has been used by the Farm Credit 
Administration and other lending agencies as a basls for appraisals for 
loan purposes. Pine" has suggested the use of net income to the land itself 
as a method of classifying soils on a relative basis. This procedure has 
been used to determine the value of crop and pasture land in central Kansas. 
Soil scientists in the Department of Agriculture have developed a 
method of rating the productivity of soils for individual crops. The rela-
tive standings of the various series and types are based upon the inherent 
qualities of the soil itself and the yield records as shown by the best esti-
mates available. By this procedure a soil may have a productivity rating 
• Assistant instructor in Agricultural Economics. This report is essentially 
the material contained in the thesis presented In partial !ulftl1ment of the requiro-
menu tor the degree Master of Arts In the Graduate School. Univeraity ot Mis-
souri. 
tSee Jut 01 Referenoes on II&lIe 42. 
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of 85 for corn and alfalfa and only 60 for wheat and oats. The Storie index 
which is based on soil characteristics that govern its potential use and ca· 
pacity to yield crops is a simBar approacb to the problem of determining 
productivity,-
A procedure has been developed for measuring the productive value 
of pastures on the various soil types in Missouri.~ 
Members of the Montana Agricultural Experiment Station staff worked 
out a method of valuing land for tax purposes based upon expected wheat 
yields.-
These and other studies not cited here represent important contribu-
tions to the development of procedures that can be followed in measuring 
the productivity of land. Most of the work deals with the theoretical ca-
pacity of a soil to yield crops or the value of land for the production of 
a particular crop. In no case has the total production of all crops and all 
types of pasture been reduced to a common measure for the purpose of 
deterndning the productivity of each class of land in relationship to other 
classes. 
Missouri farm land varies widely in productivity. Marked ditferences 
both in the physical yield and in the quality of crops occur inside field 
boundaries as well as between localities. A measure of these differences 
will make possible more accurate recommendations to the individual farmer 
who needs guidance in choosing a farm and setting up his enterprises. It 
will also aid public officials in assessing taxes and in laying out a desirable 
pattern of public service facilities that can be supported out of returns 
from the land. 
Sol1 scientists and men working in related fields have done considerable 
work in developing criteria that can be used as reliable indicators of dif-
ferences in productivity. Soil fertility requirements for the various farm 
crops have been determined. Chemical tests have been developed, labora-
tories made available and technicians trained to give farmers reliable infor-
mation about the deficiencies of their soils in plant nutrients. The various 
soil series, such as the Marshall silt loam, the Grundy silt loam, the Shelby 
silt loam, the Lindley loam, the Crawford gravelly loam and the Clarksville 
gravelly loam, have been grouped into land classes according to the yields 
of crops that can be expected from them and their desirability for agricul-
tural use.* The average production that the farmer can expect from the 
soils on his farm will give him. a basis fo r judging the results that he can 
expect to obtain from his work. The procedure outlined here will supple-
ment the other land classification work and will help to bridge the gap 
between the yields that can be expected where land is used for a parlicular 
crop, corn, wheat, or cotton, for example, as compared to the results that 
can be obtained from usual eombinations of crops and pasture in particular 
sections of the state. 
The analysis presented here will deal primarily with the total physical 
"Detalled descriptions of the various solis can be found in county soll survey 
bulletins. 
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product that a farmer can expect to get from the various CISS6eS of land. 
From the economic point of view the yield of crops is only one fsctor in 
profitable land use. The value of the product must be compared with the 
cost of producing it in order to determine economic usability. This study, 
however, is limited to the development of procedures that can be followed 
in finding total productivity. Net returns to the farm operator will vary 
with the size and types of enterprises that make up his farm busines&, effi· 
clency in the use of land, capital and labor, weather conditions, type of 
equipment used, fluctuations In commodity prices, and many other factors. 
Investigation of the relationships between these factors lies in the field of 
farm management. It is outside the scope of this study. 
The first purpose of the study is to measure the physical productivity 
of the land in each class area and subarea of the state, where the crops 
usually grown and the yields customarily obtained under common farming 
practices are similar. A second purpose is to find out to what·.extent there 
Is a discernible relationship between the productivity of land in these sec-
tions and some of the social and economic factors that dect the welfare 
of farm people. 
Productivity in th.e various land class areas and subareas is measured 
by converting the yields of crops and the carrying capacity of pastures to 
standard units. Only the primary products, such as corn, oats, wheat, hay 
and the feed value of pastures, are used. No consideration is given to the 
monetary value that can be added by converting these crops into livestock 
and livestock products. 
The procedure Is to convert each crop and each type of pasture into 
com and cottonseed meal equivalents' on the basis of the energy values 
outlined in feeding standards and to convert these products into dollar 
values so items like cotton lint can be added. This separation of feed and 
forage crops into carbohydrates or energy producing products and proteins 
seems to be desirable for two reasons. 
(I ) Plants require more soil nutrients to produce prote1.n.8 than to 
produce carbohydrates, and 
(2) the monetary value per unit of weight is higher for protein than 
for the energy producing products such as com. 
Reliable price quotations for com and cottonseed meal are available over 
a. long period. It Is comparatively easy to convert the two commodities into 
dollar values which can be sdded to the value of such producta as cotton 
lint to get a gross income figure that is comparsble to the productivity of 
the soils where the crops are grown. 
The yields reported by the United States Census and the State·Federal 
Division of Agricultural Statlstica are used in determining gross productiv-
ity for each area within the same land class where the land use Is similar. 
The objective Is to fl.nd the average gross productivity that fsrmers are 
obtaining from the land as they are farming it and not the yields that can 
be expected under the best practices that can be followed. Some of the 
land areas sre subdivided, because the land use and yields in the smaller 
aress sppear to be more accurate than for the larger land class sreas. The 
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production of the various crops in these smaller areas is then combined into 
a single value denoting the average total productivity in the land class, 
area or subarea. This single value makes comparisons of productivitiea 
possible. 
The productivity of fifteen land class areas and subareas in the state 
are presented in the analysis. These figures can be applied to pra!:tica1ly 
all of the land in the state. They provide a basis for calculating the amount 
of return per acre a farm operator can expect from cultivated land and from 
all land in fanns. These facts give some indication of the size of farm 
tbat is needed to obtain a given level of gross income under average price 
and operating conditions. 
Since there are wide differences in gross productivity between land 
classes, the value of land and buildings, the value of machinery, livestock 
numbers, farm conveniences and other such data can be expected to vary. 
Data from the census of agriculture for the years 1940! and 1945- are used 
to determine the degree of relationship between several of these factors 
and gross productivity. The findings show clearly that the capital used on 
farms and the conveniences that farm people are able to enjoy are closely 
related to the productivity of the land. Further study is needed to deter-
mine the most profitable procedures to use in huilding up productivity per 
farm unit. Can net incomes be brought up to desirable levels by expand-
ing the acreage in the operating unit? To wbat extent can improved farm-
ing practices such as crop rotations, water management and the uae of fer-
tilizers overcome the handicaps imposed by low soil productivity? These 
fields of investigation should not be neglected. 
DETERMINATION OF GROSS PRODUCTIVITY 
Land in Missouri has been divided into seven general classes on the 
basis of productivity and desirability for agricultural use. The areas that 
fall in each class are shown in Figure 1.* The cropland Is separated into 
four classes and designated as superior, good, average, and below average. 
Areas not suitable for cultivation are shown as pasture, pasture-forest, and 
forest land. 
The features that determine productivity and desirability of land for 
specific uses are topograpby, character of the soil, and climate. The char-
acter of a soil is determined by fertility, texture, consistency, structure of 
profile, susceptibility to erosion, and depth of surface soli. Topography as 
a factor in classification requires consideration of steepness of slope, dissec-
tion of surface, drainage and erosion. These factors must be considered 
together in making the classification. The land in a given area may have 
a very fertile topsoil, but the topograpby may be steeply rolling. Tbe pro-
ductivity may be high, but the use limited because of the steep slope and 
erosion hazard. 
-This work has been done by Prof~sor H. H . Krusekopf of the SoUll De-
partment, Unlvenity of Missouri A lSJ:'ge map (unpubl1shed) shows the SrtI8.11 
In much more detall than in Figure 1. 
~~~ 
LAND CLASSES 
r8Jiil 1 Supork>t 
_ Cropland 
• 
S Averap er"" 
Ctoplal>ll 
O sPutW'e ,,~ 
IIlill ' Por •• t C~ 
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Figure t.-Locatlon and extent of general land class areas. 
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The distinguishing characteristics of the land in each of the seven 
classes are outlined in detail by the classifiers as follows:'o 
Class 1 Land.-"All conditions of soil and topography are highly favor-
able. The land is permanently first quality and produces dependable yields 
of crops. The soil does not deteriorate easily; it is adapted to a variety of 
crops; It has good drainage, safety from erosion and 6.ooding, occurs in 
large areas, and is easily tilled. All of these factors are at the optimum." 
Class 2 Land.-"It is less desirable in one or more respects than class 
I , but is very good farm land. It may have a wider range of soil condi-
tions-mainly of tex ture and structure and for this reason may not have as 
wide a range of crop adaptation as class 1 land. Rolling areas rarely have 
slopes of more than 10 per cent. Under good care its permanent produc-
tiveness is assured. It should not include more than 10 per cent of non-
tillable land." 
Class S Land.-"Land in this class is rarely above medium in fertility, 
and requires good management for best results in crop production. It is 
subject to deterioration under continuous cultivation. The hazard. of erosion 
or incomplete drainage is nearly always present. Crop adaptation is gen-
erally limited because of some unfavorable soil feature_ Soil improvements 
such as liming, fertilization, and erosion control are necessary for maximum 
yields. Rolling areas do not have slopes above Hi per cent. The included 
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non-arable land should not represent more than 20 per cent of the total 
area." 
Class 4 Land.- "This is the lowest class of land suitable for producing 
cultivated crops. It is land of insurmountable limitations, due either to 
low fertility or to unfavorable physical properties. Frequent cultivation 
usually results in rapid deterioration. Fields may be irregular, but slopes 
are not greater than 20 per cent. The non-arable land included cannot be 
more tban 30 per cent of the tolal area. Crop yields depend upon tillage 
practices and weather conditions. Only the exceptional operator gets a 
fair return. The average farmer makes a subsistence living. Hazards are 
always present because of some soil condition. Undeveloped areas should 
be left so." 
Class :s La.nd.-"This land should be kept in permanent pasture because 
of one or more of the following conditions: low fertility, steepness of slope, 
deterioration because of erosion, poor drainage, stone content or rock out-
crop, less than ao per cent of arable land. In general, the fertility of the 
soil is such that bluegrass will grow." 
Class 6 Land.-"Land in tbis class may have similar physical features-
slope, erosion, stone content- as class !i, but the fertility of the soil is lower. 
Much of the class 6 land is in forest, and its use for pasture or forest de-
pends upon local conditions. The fertility of the soil is so low that blue-
grass does not thrive. Most of the acreage in tbis class is found in the 
Ozark region." 
Class 7 Land.-"All of the land for which tree production is the best 
use is placed in class 7. It includes steep slopes, gullied areas, and non-
arable stony lands, either cleared or forested. The most rugged land in the 
Ozar k region is placed in this class," 
One of the principal considerations in placing the soils in the various 
land classes is capacity to produce the major crop. The yield of corn is 
used as a guide, except in the southeastern lowlands wbere cotton is the 
dominant crop. 
In a broad classification of this kind it is impossible to show all of the 
areas of each land class on a small map. For this reason small areas of 
other classes of land are included within each major land class. For ex-
ample, a highly productive area in the northwest corner of the state is des-
ignated as class 1 or superior cropland. Included with it are small acre-
ages of less desirable land. A large map would be required to indicate the 
minor land variations. Similarly small areas of productive land are includ-
ed in the lower land classes. Because of this mixture of the various classes, 
the gross productivity values do not represent each class exactly as defined 
in the description given in the preceding paragraphs. They do show differ-
ences in productivity of comparatively broad areas where each of the seven 
classes of land are dominant. 
An effort is made to correct the lack of homogeneity to some extent by 
sub-dividing each of the cropland classes where there are significant varia-
tions in land use and in physical features. A gross productivity figure is 
calculated for each land class sub-division. By this procedure the gross 
RESEARCH B ULLETI/( 465 9 
productivity figures are kept more nearly representative of actual yield 
conditions than would be the case if a single value were calculated for each 
land class area as a whole. Ratings are presented for fifteen land classes 
and sub-divisions. The sub-divisions are identified by the land class number 
and their geographical location in the state. Thus, sub-division INW is a 
part of land class 1 lying in the northwest corner of the state. The break-
down of general land classes into geographic subdivisions is as follows: 
Class 1 into 1r..W, 1C, and l SE;* 
Class 2 into 2WC and 2SE; 
Class 3 into 3NW, 3NE, 3SW, Ilnd 3SE; 
Class 4 into 4SW, 4EC, and 4SE; 
Classes 5, 6, and 7 are not sub-divided. 
Each of these fifteen divisions is called a land class area or subarea in 
the analysis that follows. 
In order to find the productivity, it is necessary to have the average 
acreages used for each purpose; the yield of crops and the feed units pro-
duced On pastures for each land class. The only data that give complete 
coverage throughout" the state are the annual farm census reports published 
by the Missouri State Department of Agriculture and the federal census 
of agriculture. These reports contain data on land use and yields of crops 
by minor political sub-divisions. In order to use this information it is 
necessary to select reports from sub-divisions which are representative of 
each land class. Since most counties contain a mixture of land classes, the 
township data reported in the bi-centennial federal census of agriculture 
must be used fOr the basic yields and these figures adjusted to average 
yields by comparing them with county averages. By using a large map 
similar to Figure 1. it is possible to find a number of townships where an 
estimated ninety per cent or more of the land is in the same class. A large 
number of representative townships can be found in some land classes. In 
others less than twenty townships can be selected. The data for all of 
the uniform townships are used in those land class areas and subareas in 
which less than twenty townships are representative. In the areas, except 
land class 7, having a large number of nearly uniform townships, twenty 
are picked at random for use in the analysis. Approximately 170 represen-
tatiVe townships can be found in land class 7. A considerable part of the 
total area is not in farms. For this reason forty townships were used 
instead of twenty. 
The location of the townships from which data are used in subareas 
1NW, 1C, and 2WC is shown in Figure 2. No townships on the alluvial soils 
of the Missouri river valley are included. Much of the bottomland is highly 
productive in favorable crop years, but the best soils, such as Wabash silt 
loam, occur in long narrow strips between less productive soils and some-
times are subject to fiooding. The crops grown and the yields obtained by 
-The letters after each number indicate the general section of the sate 
where the aUbdlVlslon Is located. For example: Subarea INW is a section of 
C!U! 1 land in the northweatern part of the state. 
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FIgure 2.--Sample townships used In determining the productivity ot land 
in subareas lNW, le, and 2WC. 
farm operator'll differ widely from production obtained outside the bottom-
land. In subareas I NW and 1e the soils are predominantly of the Mar-
shall Series. Grundy, Summit, and Sharpburg are the dominant soil aeries 
in land class 2WC.· 
The location of townships from which data were used in determining 
the physical productivity of the land in subareas 3NW, SSW, 3NE, 4SW 
and 4EC is shown in Figure 3. Each subarea contains a number of fairly 
uniform towlllIhips. The topography in 3NW is rolling and the Boil has 
been damaged somewhat by erosion. The land in 3SW and 3NE in general 
is level to slightly undulating and erosion Is less 8.l:tive than in 3NW. Soils 
of the Shelby aeries predominate in SNW. The Oswego and Gerald series 
occupy most of the 3SW. The Putnam and Edina series are dominant in 
3NE. Subarea 4SW is, for the most part, level prairie. Soils of the Chero-
kee, Baxter, and Bates series are common. * Subarea 4EC haa a rolling to-
'Oetailed descriptions of the various soUs can be found in county soil ~urvey 
bulletins. 
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FIgure 3.-$ample townllhlplI used In determining the productivity of land 11\ 
subareas 3NW, 3SW, 3NE, ",SW, and U:C. 
pograpby and was originally timbered. Soils of the Lebanon and Uni.on seriell 
are found in this part of the state. 
The townships from which data were obtained for use in calculating 
the gross productivity of land dasses 5, 6, and 7 are given in Figure 4. 
Class 5, which Is pasture land, tends to have a steeply rolling topography. 
Characteristic soils are in the Lindley series, however, ot her series including 
Sbelby and some of the alluvial solis are found intermingled with Lindley 
tn the CIllO :5 area. The bottom land soils are productive and frequently 
are used to grow crops. If these small areas were consider ed alone, they 
would stand in a higher land class. 
Land class 6 also tends to have a steeply rolling topography. The soils 
usually are of the Bodine, the better phases of Clarksville and the steeply 
rolling phases of the Union series. Small areas of better soils are alao 
found in the land dasa. 
Land c1asa 7 is found in. rough, hroken areas. Clarksville stony loam 
and rough stony land are characteristic soils. Small acreages of bottom 
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FI~ •. -8ample townM1lpe uaed In determ1nlng the productivity or I&1\d 
!n daue. ~, 15 and 7. 
land are found where the soils are much more productive than the pre-
dominating upland. These lowlands constitute the major portion of the 
cultivated acreage and usually are the nucleus of the fanna found in this 
land elua. 
The location of the townships I1Ied In dnding the gross productivity of 
the land in subareas 18E, 25E, 3SE, and 4SE is shown in Figure 5. These 
four IUbareu are located iD the alluvial soils region in the southeast comer 
of the atate. Only five eligible townships could be found in subarea 15E. 
Sarpy fine sandy loam is the dominant 1011. Subarea 2SE where ,harky 
clay loam predominates has ten el.lgible townships. Subarea SSE hal eight 
towtlllhill'J where the land is uniform in grade. Lintonia fine und and 
Waverly fine sandy loam are the mOlllt common soUs. Data from ftve town-
~hiP8 are used in subarea 4SE. Waverly and Calhoun silt loama are the 
moat common solls found in this section. 
Acreages of crops, pBllture and woodland for the years 1939 and 1944 
were taken from the United Statell CeIUlUS of Agriculture for the townllhlpa 
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Figure 5.-Sample townshlp$ used In determining the productivity ot land in 
Bubareaa lSE, 2SE, SSE and iSE. 
shown in Figures 2 to 5. These two years were fairly representative of 
average cropping practices in the state. During the 1937·1946 ten·year 
period, there was a tendency to increase the acreage of cash crops, but the 
change was not great, except for soybeans. The census data were used to 
lind the percentage of land in each class that was in crops and in other uses. 
The results are shown in Table 1. 
The data in Table 1 show that there are wide differences in land use 
between the various sub·divisions within the same general land class as well 
as between ~e various classes. Corn is grown on 33.1 per cent of the land 
in subarea 1l'."W. It occupies 25.0 per cent in subarea lC. and only 18.5 
per cent in subarea I SE. As between classes, corn is grown on 33.1 per 
cent of the acreage in subarea INW, 19.2 per cent in subarea 2WC, 13.3 
per cent in subarea 3NW and on 9.0 per cent in subarea 4EC. Wide varia-
tions also occur in cotton, wheat, oats, soybeans, and hay crops (Table 1). 
Average yields of crops in the various land class areas and subareas 
are presented in Table 2. The data for each of the uniform townships were 
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first obtained from the census reports and then adjusted to the 1937-1946 
ten-year average yield for each crop in the county where the township was 
located. 
Diversity in the land use pattern in the various classes makes it neces-
sary to find a common measure that can be used in combining the crops 
to determine gross productivity. Two procedures have been used in other 
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studies. The most common has heen to lind the value of the products of 
the land at average prices. Another method has been to convert all crops 
into energy units by reducing them to corn equivalents. A mod.Ul.cation of 
these two procedures is used in this study. 
The feed value of crops and pasture is considered to be a more accurate 
measure ot physical productivity than the monetary value arrived at by 
multiplying average yields by average prices. Average prices of the various 
products are likely to reflect differences in desirability for speci.tl.c uses 
and supply in rela tion to demand in local communities rather than the 
energy and protein units that the land produces. Timothy hay contains 
almost sa many energy units per ton as does alfalfa, but alfalfa sells for 
a higher price because ot Its protein content. For t his reason recognition 
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of the yield in protein 88 weU as in energy units when converted into the 
monetary value of corn and cottonseed meal equivalents, two prodUCUI sold 
at relatively uniform prices wherever livestock are produced, gives a more 
accurate measure of productivity than the com equivalent alone. It is 
necessary to use the monetary value of the total energy equivalent, in terms 
ot corn, and cottonseed meal. in order to .secure a common measure of pro-
ductivity. Conversion into monetary values permits the incl1lllion of prod-
ucts, such as lint cotton, that have no feed equivalent. 
The factors used in converting the yields of crops on the various classes 
of laIld to corn and cottonseed meal equivalents are given in Table 3. The 
proceduJ:e followed in eacb of the land duses Is illustrated in Table 4. 
Analysis of census data showed that 33.12 per cent of the acreage in sub-
area INW was I1!Ied for corn. The average yield per acre was found to 
be 41.24 bushels. The total production ot corn per 100 acres in this subarea 
would be 1,365.87 bushels (33.12 acres X 41.24 bushels per acre = 1,365.87). 
Corn is low in protein and haa no cottonseed meal equivalent, 80 the pro-
duction on the proportion of the 100 acres usually planted to corn would 
be 1,36:5.87 bushels or 38.2450 tons of corn equivalent. 
X 
= 38.24:50 tons 
Data for the townships showed that 3.49 per cent of 
the land In subarea waa in wheat. The average yield was 14.61 bush-
ela per acre (Table 2). Production per 100 acres of subarea INW land 
would be 50.99 bushels or 1.530 tons. Wheat has a corn equivalent of .909, 
and In addition a cottonseed meal equivalent of .138. The total tons of corn 
equivalent derived from the wheat usually grown on each 100 acres ot sub-
area INW land would be 1.3908 tons (1.530 X .909 = 1.390R). The cotton-
seed meal equivalent would be .2111 tons (1.530 X .138 = .2111). 
Domt). • • • • • • • • • • • • • • • • • • • • . • ••.•.•• .• 
-.1 ..... .. . .. .. . .. . _ .. _ .. .. . . .. ......... . 
00.1& ••••• • •• •••• •••• • • •• _ • • • • • • • • • • • • • • • • •• 
Bl<l., .. . . . . . •••.• .•.•..•. . . ..•..• •.•... . ..• 
1tJ_ ................ . .. .. .. . ..... . . .. .. ... . 
Soyb.t... ...... • • • • • • . . • • . • . . . . • • . . • • • • • • • •• • •• .• 
0._ . ..... .... . ....... . .. . .... ... . .. .. . 
0._ ... Wu1 (4" pr-otcltl) •.•.• .. • .. • • •••••••••••. . 
So",,",'" _r .... ............ .. ... .......... . 
AlIAl!a Ik:T . • • . • • . • . • • . • .. .. • • • • • • • • • . . ...... . 
".., OoYU fkJ. . . .. ....••.•. • • • • .•• • __ . • • . . • . .. 
ao"r""" n.otIIy Ba, ....• . .• •. • _ .....•... .•..•• . 
t..-,.du& Hq •••••. . • . .• •. • • • • _ • • • • _ • • • • •• . ... 
Ott III.... • . . . . . . . . • • • • • • • • • • . . . . . . . . . • • • .•••• 
Prtlr'- R>.J. • • • • • • • • . • • . . . • . . • • . • • • • • • • • • . . • . • 
Sor"' .... Ib,J •• .••. • .• ••••.••••••••••••••. • . ...• 
. . 
.... . ... 
.. ." O.U' 
O.T8$ 0.100 
0.8~~ 0.013 
o.ns 0.114 
0.248 MIS 
0.'" O.US 
. ... . ... 
0.41t 0.018 
'.m 0.141 
0.431 0.1 11 
0. 454 0.034 
O. U I 0.181 
O.n3 0.042 
O.Ul -0.068 
0. 231 O.2e1 
~~:,':; ..•••• 
-"'.. . . . . . . . . . . . . . . 
Woodl&nd Pa .. """. . . . • . ••• 
ou.., CPoopI . . . . . • • • • • • • 
Do.>l>le Crop" . . . • •••• ••• 
WoocII&IId. • ••••. 
Cn>p Fa1Io.o ...... .. ..... . 
CI'O(>Iud w. . . . . . . . . . . . 
QIIoo, l&Dd .•••••••. 
•• 
, 
R ESEARCH B ULLEnN 465 
S. IS 
." 
. U 
." U5 
3.21 
.d 
' .~ 
n." 
'.n 
. " 
~. 
:!'f.1l bioi. 
18.SO bol. 
13.15 "" . 
t.TIt T. 
2.m T. 
1.1110 T. 
1.170 T. 
l.UI T. 
1'.10 t.... C . ..... 
9.M b\I. C. t . 
.Ole 
.141 
.~ 
.111 
.one, 
.-
-.aUG! 
·OG'I9U 
a",s ... 
139.n 
2.91 
e." 
.n' 
U,1l 
U10 
.5" 
1.ln 
815 .22 
20.M 
17 
U~ 
.513 
LUI 
11.124 
.575 
This procedure was used in finding the corn and cottonseed meal equiv-
alenta of each crop for which IJpeci1ic data were available. The average of 
these figures was used in determining the com and cottonseed meal equiv-
alenta produced on land Uated as in other cropt. The average production 
on bay and pasture land was assigned to the acreage that was double 
cropped. The value ot feed obtained (rom pasture was converted into corn 
equivalents by using the average yields on the various soil types found in 
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each land class reported in Missouri Agricultural Experiment Station Bulle-
tin 443.'1 Dollar values of the physical production were obtained by mUl-
tiplying the tons of com equivalent by $30.37 and the cottonseed meal 
equivalent by $47.00. T he value of cotton lint at 14.295 cents a pound was 
added in the subareas where cotton is grown. The prices used are aver· 
ages for the 1928-1947 twenty-year period. A summary of the results is 
presented in Table 5. 
In subarea I NW the average acre of land in farms produced the equiv-
alent of .691548 tons of corn and .029143 tons of cottonseed meal. The 
monetary value at 1928-1947 prices was $22.37. This value is referred to 
hereafter in the analysis as 22.37 units of productivity_ It Is not meant to 
imply that the value of products arrived at by this procedure represents 
the possible future gross income per acre that will be obtained by farmers 
who operate land in each class or subclass area. Tbe computed values, 
however, should be fairly satisfactory measures to use in comparing the 
productivity of land in the areas and subareas. 
The productivity of land in Missouri ranges from 5.78 to 49.60 units 
per acre. Data in Table 6 show the average and relative values and the 
number of acres in each productivity class required to equal the units of 
product normally derived from one acre in subarea lNW. The most pro-
ductive land in the state ia found in subarea lSE. In this section only .45 
of an acre is required to equal the productivity of one acre in subarea 
lNW. In land class 7, where tbe index ot productivity is only 26, using 
subarea lNW as a base, 3.87 acres are required. Comparisons between all 
productivity classes can be made by referring to Table 6. 
All of the land in farms was used in making the comparisons pre-
sented In Table 6. Similar calculations were made for the cultivated acre-
age in each land class area and subarea. In compiling the data the acreage 
in grain and hay crops, other crops, double crops, failure and idle crop land 
were considered as cultivated land. The results are given in Table 1. 
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The variation in productivity per acre of cultivated land is less than for 
all land in farms. The range is from 58.83 units in subarea lSE downward 
to 16.78 units In land class 7. This lesser variation would naturally be 
expected since only the best land is brought under cultivation in the low 
producing soil areas. 
To some extent low productivity per acre can be offset by varying the 
size of farms, but the adjustments that have taken place to date have not 
made the productivities of farms of average size equal in various parts 
of the state. In subarea lSE where the average productivity per acre in 
farms is 49.60 units, operating units averaged only 76.1 acres in 1945. In 
subarea 1NW where the productivity was 22.37 units per acre, the farms 
averaged 210.8 acres in size. The 76.1 acre farm on the most productive 
land had a total productivit y of only 3,776 units. The 210.8 acre farm in 
subarea INW had a total productivity of 4,716 units. Ninety-five acres of 
land in lSE would be required to equal the productivity of the average 
210.8 acre farm in subarea 1NW. In land class 1 where the soil is lowest 
20 M ISSOURI A GRICULTURAL ExPERUltNT S T,I,TION 
in productivity 81~ acres would be required. In 194.5 farms in land class 7 
averaged only 169.3 acres (Table 8). 
Adjustments in size of operating units are badly needed in the low 
producing land claaseB. This fact should be made one of the major consid-
erations in setting up agricultural programs. Permanent stability of Bocial 
institutions in an area requires the adjustment ot man to land so aatiBfac-
tory levels of income can be obtained without mining the soil. Failure to 
adjust the size of operating unita to the soil's productivity and desirability 
tor agricultural use is one ot the p rincipal handicap. to widespread adop-
tion ot practical conservation systems on individual farms. Comparisons 
ot average size ot farms, relative productivity, and acres required in the 
various land classes to equal the productivity of the average fann In sub-
area Ih'"W are given In Table 8. 
The size of f arm required In the less productive land classes to mske 
possible a net income or level ot living equivalent to thst obtainable in the 
more productive claases is probably larger than the number of acres needed 
to equate the units ot production. In land class 6, 593.2 acres are required 
to bring total production into line with subarea unv. The average operat-
Ing unit in 1945 wu only 152.5 acres. With only 24 per cent ot the land 
in class 6 in cultivation (Table 7), there would be 142.4 acres of cultivated 
land in tbe larger unit. The average fann in subarea INW contained only 
116.7 acres of cultivated land. It is evident , therefore, that more acres of 
cropland as well as of pasture would be required to turn out the same 
toW volume of product in land class 6 8lI can be obtained from the aver-
age farm in subarea INW. 
It is doubtful it tillage practices, even for the same crop, are ident.icaJ 
in the two are8ll. Equipment costs likely are lower in the low producing 
area while labor costs, if standard wages are allowed, are higher. The 
result is very likely to be higher coats per unit of product in the low pro-
d ucing areas than in the sections where the productivity is high. The net 
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return would, therefore, be low on the relatively unproductive land in com· 
parison to income above costa on the higher yielding soils. Numerous farm 
management studies have shown that high net returns are associated with 
high crop yields and high rates of livestock production. It probably would 
take much more than 593.2 acres to get the same amount of net return 
from a representative farm in land class 6 as could be obtained from the 
average 210.8 acre fa rm in liubarea INW. 
The productivity findings in subarea 3SW were tested statistically for 
variation. No signitlcant difference was found in the productivity of two 
groups of representative townships taken at random (Table 9). In the 
opinion of soil scientists the land in 3SW is more variable in productivity 
than that of any other crass in the state. It was concluded, therefore, that 
the soils within the various land class areas and subareas were relatively 
homogeneous in productivity. 
As a matter of course, the land in the various counties falls in more 
than one class. In order to rank the counties according t o general soil 
productivity, a weighted average total productivity of the land in the coun-
ty was compUted. The calculations for Cole County are given in Table 10. 
The counties were then ranked from highest to lowest according to this 
total productivity. The results are summarized in Table 11. Pemiscot 
County with most of its acresge in productivity classes lSE and 2SE Is 
Number 1 with an average relative productivity of 187.17. Reynolds and 
Taney Counties are the lowest with a productivity of 25.84. 
The relative productivity snd the rank of each county is shown on 
the map in Figure 6. It should be kept ill milld that the information pre· 
sented here represents average situationa for entire counties. The data 
cannot be interpreted to mean that all of the land in a low ranking county 
is poor and that all land in a county which atands near the top is good. 
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Moet counties have some superior cropland and some marginal pasture or 
forest land. A county with a high percen tage of superior and good crop-
land ranks near the top in relative productivity. One with a small acreage 
of the best grades of cropland and a large acreage of marginal pasture or 
fores t land will stand near the bottom of the list. Highly productive l anna 
can be found in counties that stand near the bottom as well as in those 
near the top. but the farms will not average as good where a high propor-
tion of the acreage is relatively unproductive as in those counties with a 
considerable part of their area in superior and good cropland. 
RELATIONSHIP BETWEE.~ GROSS PRODUCTIVITY AND 
VARIOUS ECONO}(lC A1<o"D SOCIAL FACTORS 
1. Value of Land and Bulldings.- Tbe price paid for farm land de-
penda primarily upon the quantity and value above production costs of 
products that can be obtained from it, location, desire to live in a particular 
community, and other similar amenity vaiues. The value of Jand and build-
Ings per acre as reported In the United States Census for 1940 and 194~ is 
given in Table 12 by productivi ty land classelJ. The data show t ha t land 
prices advanced sharply In the 194Q-194:i period. The greatest dollar in-
crease occurred in subarea 1SE where the gross productivity 18 WgMst . 
When calculated sa a percen tage of the 19tO niue, the greatest increase 
(91 per cent) was on average cropland in subarea 3SE. The situation was 
8lmllar in the other sections of the state outside the cotton producing re-
gion. The largest increases occurred in productivity classes 3NW, 3SW, 
and 3NE-aU of t hem areas con tail)ing a high proportion of average crop-
land. Thus, during the war years, the average cropland sections of the 
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FIgure 6.-Ranklng of Missouri counUes according to their relaUve p..oouc-
Uvlt y per acre ot land. 
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state had the largest percentage increase in value of land and buildings 
per acre. This situation can magnify the financial difficulties that grow out 
of the use of credit to buy land. Obviously the increase in value of land 
of average and below average productivity during the period of inflation 
was not as fully justifl.ed by net earnings as was the increase on the best 
grades of land. When prices of agricultural commodities decline and farm 
incomes go down, the surplus of income above operating costs and living 
expenses of families depending on low producing soils are wiped out. As 
a consequence loans become delinquent. 
It is possible that changing low producing cropland that is farmed 
intensively to less intensive uses, with simultaneous readjustments in the 
size of operating units, would make it possible to maintain the surplus of 
income above operating and family living expenses at a level that would 
permit farmers to use credit successfully in purchasing land of this quality. 
Objective inquiry in this field has long been neglected. 
The data presented in Table 13 indicate that land values are not uni-
formly related to prodUctivity per acre throughout the state. Values in 
southeastern Missouri in 19415 were about S2.62 per unit of productivity. 
In the grain and meat producing sections the average was about 83.50 per 
productivity unit. These variations grow out of differences in intensity 
of land use. High productivity in southeastern Missouri is the result of 
an intensive type of farming. Cotton and other cash crops occupy most of 
the tillable acreage. Labor costs are bigh, particularly for cotton. The 
result is greater cost per unit of production than in other parts of the state 
where grain and livestock are the principal enterprises, leaving less net 
income to be capitalized into land value. 
Net rather tban gross productivity determines the value of farm 
land when the influence of location and amenity considerations is eliminst-
ed. The use of data from a large area tends to nullify the influence of 
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ioeational and amenity factors in determining the relationship between 
productivity and land values. The ideal situation would be to have com-
plete net productivity data. This information is not available. It is neces-
sary, therefore, to divide the various classes into groups in which the costs 
of capital and labor used in farming operatioD.ll are similar. An attempt 
is made to; accomplish this purpose by making a separate analysis of the 
relationship between total productivity and land values in lIOutheastern 
Missouri and in the remainder of the state. 
The relationship between total productivity and value of land for the 
eleven productivity e1asses not in the cotton growing section is shown 
graphically in Figure 7. In the 1940 census reports the value of land 
and buildings increased $2.77 for each additional unit of productivity 
(y = -6.:514 + 2.772xJ, In 1945 the increase was $3.87 per unit (y = - 7.927 
+ 3.783x). The coefficient of correlation was .959 for the 1940 data and 
.979 for 1945. These values indicate about 92 per cent of covariation in 
1940 and 96 per cent in 1945. With nine degrees of freedom an r value of 
.735 is required to indicate a significant relationship at the one per cent 
point. 
The relationship between value of land and buildings and productivity 
in southeastern Missouri Is shown In Figure 8. In 1940 there was an in-
crease of $1.70 in value for each additional unit of productivity (y = -3.702 
+ 1.699x). The increase was 52.33 per unit in 1945 (y = -9.369 + 2.325x), 
The coefficient was .992 for both 1940 and 19~. An r value of .990 is re-
quired for a significant relationship at the one per cent point with two 
degrees of freedom. 
If accurate data for net productivity were available and the intl.uence 
of location and amenity considerations upon land value could be eliminated, 
almost perfect correlation could be expected. By dividing the state ac· 
cording to intellllity of land use to get comparatively uniform operating 
costs, the relative total productivity of the various land classes in the two 
groups was much the same as would have been the relative net productivity 
had such data been available. Under these conditions total productivity 
is a very good indicator of comparative values. 
The differences in productivity per farm shown in Table 14 indicate a 
need. for material readjustments in operating units in the various produc-
tivity classes of land. In subarea 1NW where farms averaged. 210.8 acres 
in size the productivity per farm was 4,716 units. Under similar weather 
and price conditions only 979 units were produced in area 7. The average 
investment in land and buildings per farm in subarea INW was $16,929 in 
1945. The investment per acre was $80.31. It has already been shown 
that there is a close relationship between the value of land and total pro-
ductivity in similar type of farming areas. With this fact in mind the 
question arises as to the extent of adjustment that can be made in the 
productivity of operating units by keeping the investment in land and build· 
ings somewhere near constant, while the acreage per farm is varied to 
overcome low income per acre on relatively unproductive land. 
The data presented in Table 14 indicate that the investment in land 
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Figure 7.-Relationshlp of the value of land and buildings per acre to pro-
ducUVity per acre In the land class areas and 8ubareM outside the cotton growing 
section, 1940 and 1945. 
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and buildings required to provide operating units with a uniform level of 
productivity in. the different land classes has been quite variahle. The range 
outside of the delta cotton area was from a low of $12,526 in subarea 3l\"'E 
to a high of $17,822 in subarea 2We. The range in the cotton area was 
from $11,7:50 on the most productive soils to $13,204 in subarea 3SE, 
The data support the opinion that low producing lands frequently are 
overvalued, particularly in areas where they are intenningled with more 
productive soils. Subarea 2We liea in the same general region as Ie and 
INW, but is much less productive than either of the other classes. The 
valuation OD. class 2We land was $63,20 per acre in 1945. It was $80.31 
in class INW and $75.25 in class Ie. However, the lower price of the 2WC 
land did not reflect its lesser productivity adequately. ~ a result, an acre-
age large enougb to equal the productivity of an average farm on produc-
tivity class lC land would have been valued $2,15:5 higher than the equal 
land resource on the more productive soil. 
A similar situation prevailed in the delta cotton and corn area where 
productivity class 3SE land is intermingled with classes ISE and 2SE. 
The acreage required to return 4,716 productivity units in lSE was valued 
at $11,750 in 1945. A farm of equal productivity on class 3SE land was 
valued at $13,204:--0. difference of $1,454. 
In contrast to the situations already described, there is a tendency to 
undervalue relatively productive land in areas where soils of lower pro-
ductivity are dominant. Land class 3NE (average cropland) is intermin-
gled. with class 5 which is pasture land A farm that would turn out 4,716 
productivity units was valued at $12,526 in 1945 in subarea 3NE. This 
amount was $4,403 less than the valuation of a farm of equal productivity 
In subarea INW. 
The value of a farm. OD low producing soil should be less than for an 
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operating unit of equal productivity on more fertile soil. Even with the 
same crops on the two classes of land, production costs per unit of product 
on the low producing soils are higher than on the mote fertile land. The 
bJgher cos ts leave Jess income to be capitaliud into land values on the 
poorer soils. 
Other factors that may be related to the productivity of land include 
the value of buildings and machinery and equipment. Data on these items 
are not available by townships for the year 19415, For this reason, only 
the 1940 data were used in the analysis presented in Tables 115 and 16. 
~loIe ". __ Val .. 01 ,,"lid'''' Pu Au. &II<! Per "',m 1.0 "-"·· ... ·h'p to ProdooctlYlly ... SIIonno bJ' /oJIdJpj,o 
01 ou. Fro .. u.. 111tO Ilnltod SIatoo. eo ....... 
Ie n.1I 
IWe lUI 
Ui"W '.37 
ssw IO.n 
INI I.M 
~ 9.30 
tEC 11.11 
5 1.11 
, I.TS 
1 t.n 
Isa IUT 
281 11.011 
~SII: '.52 
US '.Ia 
Ie 1-'2 
%We I.!.I 
:INW ,.n 
ssw 5,85 
3NI: 5.48 
48W 5.7. 
nc '.IT 
I U. 
• 1.3. 
7 4.11 
lSI: U . 
ItSI 1.-1<1 
1-111: I.:. 
. 51: 5.H 
" N 
.. 
" ..
• 
• 
" 
• 
" 
" 
• 
" 
• 
u 
.. 
.. 
" 
.. 
n 
.. 
.. 
.. 
" ... 
.. 
.. 
• 
piA ACtd PER 'XiiI 
". 
" ..
" 
" .. 
" 
" • 
• 
m 
on 
... 
.. 
... 
n 
" ..
.. 
.. 
" 
" • 
.. 
... 
'" .n
.. 
, 
, 
• 
• , 
• 
• 
• 
" ..
, 
• 
• 
.. 
• , 
, 
• 
• 
.. 
• 
• , 
• 
• , 
, 
• 
• , 
• 
• 
• 
• 
• 
• 
" 
.. 
• , 
, 
• 
• 
, 
• 
• , 
, 
• 
• 
.. 
.. 
• , 
, 
• 
Z,lIO 
Z,1I0 
I,St! 
1,191 
I,:wa 
1,1" 
',~ 
1,o" 
... 
.. , 
1,1117 
'" no 
"' 
-
'" ... 
'" 
'" ... 
, .. 
no 
.M 
... 
... 
'" ...
• n 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
" .. 
.. 
u 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
" 
" 
'" n 
.. 
u 
.... 
Vii". Pto_ 
ot duo_ 
b<IIld- tlT_ 
, 
, 
• 
• , 
• , 
• 
.. 
.. 
• , 
• 
, 
, 
• 
• , 
• 
• , 
.. 
.. 
• 
• 
• 
• 
P, .. d.dh1tJ ........ by .baI,..L. 
.. 
.. 
" ..
.. 
.. 
• 
.. 
" 
" 
" .. 
.. 
" 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
.. 
" .. 
". 
n 
" .. 
, 
, 
• 
• , 
, 
• 
• 
" .. 
• , 
, 
• 
, 
, 
• 
• 
• 
• 
• , 
.. 
.. 
• , 
, 
• 
RESEARCH B OLLETIN 465 31 
The value of buildings varied widely, both OD a per acre and per farm 
baals. Separate determinations were made for the delta cotton and com 
area and for the remainder of the state. In general, the analysis showed 
that there waa a definite po$itive relationship between the value of build· 
ings and the productivity of land. Outalde of the cotton area, the value 
ot buildings per acre ranged from $13.70 in subarea 1NW to $4.25 on land 
dass 7. The value per farm varied from $2,607 in subarea INW to $613 
in class 7. The value of improvementa per farm was more closely related 
to product ivity per farm than was the value Improvements per acre to 
gross productivity per acre. Analysis of the data on a per acre basis, 
however, showed a correlation coetl\cient of .924. This r value indicated 
about 85 per cent of covariation between the value of buildings and the 
productivity of the land per acre. The relationship is shown graphically 
in Figun 9. 
The value of buildings in southeastern Missouri was not 88 closely 
related to productivity per acre aa in the rest of the state. The coetl\clent 
of correlation was .949. With two degrees of freedom, as in this case, 
the r value would have to be .9:)0 to indicate a significant relationship at 
the dve per cent point. 
2. Va lue of Maehinery.-T he value ot machinery per acre of cultivated 
land in farm8, ~d per farm In each land class varied directly with produc-
tivity (Table 16). The investment per acre of cultivated land varied from 
$9.8' in subttrea lSE to $4.82 ill clU8 7. The investment per farm varied 
from $811 ill subarea l r.."W to $136 In clus 7 (Table 16). 
The relationship between the value of mschinery In 1940 &lid produc· 
tlvity per acre in farms, outside the delta cotton and com area WIU found 
to be aigniJl.cant atatlstically. The coefficient of correlation was .966 indi-
entlng about 93 per cent of covariatlon. The relationship is shown graphi· 
cally In Figure 9. 
The relationship between value of machinery in 19'0 and productivity 
per acre was not as close in southeastern MI8IOuri as in the remainder of 
the state. The coefficient of correlation for the cotton area was .966 which 
falls between the one and five per cent point In terms of significance. 
The coefficient of correlation between productivity and the value of 
machinery per acre of cultivated land outside the cotton producing area 
was .787. The covariation was about 62 per cent. This lower degree of 
relationship as compared to the 93 per cent of covariation between the 
value of machinery and productivity per acre of all land in farms appears 
to be caused by the high value of machinery and the low level of produc-
tivity per aere ot cultivated land in productivity classes 4EC, 5, and 6. 
The value of machinery was not cloaely related to the productivity per 
acre of cultivated land in the delta cotton and corn area. The coefll.clent 
ot correlation was .915 which was below the five per cent point of .950. 
However, the value of machinery did tend to vary with productivity (Table 
16). 
3. Tennre and Productivity.-The fonn of property rights farmers hold 
in the land they operate is Influenced by soil productivity. In 1945 the 
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Figure S.- R elationship of value of buildingll and maehlnery and produ<:tlvity 
ot land per acre In 194.4. -
proportion of tenant operation varied directly and owner operation inversely 
with the productivity of the soil and the type of farming. In subarea lSE, 
the most productive land in the state, 77.1 per cent of the farms were op-
erated by tenants. The percentage was 79.3 in subarea 2SE which is soroe-
what lesa productive than is subarea l SE. In subarea 4SE, 36.1 per cent 
of the farms were ren ted. Cotton is a major crop in these areas and the 
high percentage of tenancy redects the share cropping arrangements that 
are in common use. 
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The proportion of tenancy in the land claases lying outside the delta 
cotton and corn area varied from 39.3 per cent In subarea lh'W to 16.1 
per cent in class 7 (Table 17). The higbest percentage was on the most 
productive land. In contrast to this situation, the percentage of full owner 
operators was higbest on the low producing land. These relationships were 
statistically significant. For tenant operatora the coefficient of correlation 
was .967 which indicates about 94 per cent of eovariation. The coefficient 
of correlation was - .B45 and the covariation approximately 89 per cent for 
full owners. These re lationships are shown graphically in Figure 10. Simi· 
lar results were obtained when the analysis was based upon productivity 
per farm. The results an: shown graphically in Figure 11. 
The relationship between the percentage of full owners anti renters and 
total productivity per farm in southeastern Mi$SOuri was not s tatistically 
significant. The coefficient of correlation was - .934 for fu ll owners and 
.919 for tenants. Both of these values are below the five per cent point. 
The common belief that tenancy increases with productivity of land 
is supported hy the dndings, particularly outside the delta cotton and corn 
area. Highly productive land returns more income than operating costs and 
famil y living expenses. Rent can be paJd out of this aurplus. Competition for 
thc right to collect this return has brought the cost of a farm on the most 
productive land above the savings and safe margin of credit of many young 
men who want to start farming. Land is much cheaper in low producing 
areas where the returns on the vast majority of farms are not adequate 
to support a farm family and pay rent that will bring a satisfactory rate 
of return to an investor. Although rent can be paid in good crop years and 
when commodity prices are high the returns are erratic. In some years 
no rent can be paid and the average return is very low. In these areas, 
people with small savings can hecome owner operators, with little or DO 
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FigUre 10.- RelaUonship of tenure s tatUII ot farm operatora and productivity 
ot the land per acre. 
deht. Their tenure status and their comparative freedom from debt, how-
ever, are not adequate measures of the level of living they can enjoy. In 
ma.L~· instances the real incomes of owner operators on these low producing 
farms is much lower than that of renters on the most productive land. 
Farms with a gross productivity of not more than 979 units, as is the aver-
age situation in the sections of the state where class 7 land is dominant, 
cannot provide a satisfactory level of living for a farm family. even under 
owner operation. 
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The tenure status of operators in a given area is also in1I.uenced by 
the type of farming. In the delta cotton and corn area the method of hold· 
ing rights in land such as fee simple ownership and lease is not closely 
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related to productivity. In this section of the state, cotton is a major crop. 
A considerable part of the acreage is grown by share croppers. 
4. Distribution of Fann Populatlou.- The 1946 census shows the num-
ber of peQple living in dwelling units on farms, excluUing persons in dwell-
ing units n!uted to people who are not farming. 
The number of persons per farm in 194!5 did not vary with the pro-
ductivity of the land (Table 18). The t'3lIge was from 15.46 in subarea 3SE 
to 3.0:5 in subarea 3NW. EKcluding southeastern Missouri, the number was 
greatest in land class 7 with 3.85 persons per farm and smallest in subarea 
3NW with 3.05. In subarea lNW where the average productivity per farm 
was the highest to be found in the state there were 3.73 persons per farm. 
Table 18. __ D!strlbutloo. oj tI>o Far ... 
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The delta cotton and corn area contained the largest number of people 
per farm, but the concentration was not related either to productivity of 
soil or to total productivity per farm. The largest numbers (5.45 per farm) 
were in subarea 3SE where the productivity per farm was 2,773 units. In 
subarea lSE, the most productive soil area, there were 5.38 persons per 
farm. The productivity per farm was 3,776 units. 
There was no relationship between the number of acres per person on 
farms and productivity (Tsble 18) . In many instances more acres of the 
highly productive soils were available per person than of the low producing 
land. The range was from 64.9 acres in subarea 3NE to 13.7 acres in sub-
area 4SE. Excluding southeastern Missouri, the range was from 64.9 in 
3NE to 39.4 in 4SW. 
The average number of productivity units per person on farms in each 
land class tended to vary directly with productivity per acre (Table 18). 
The range was from 1,264 units in subarea 1NW to 254 in class 7. On a 
relative basis prodUctivity units per person ranged from 100 in 1NW to 
20 in class 7. In other words, each farm person bad five Urnes a.s many 
units of products for his support on class 1NW land as were available per 
person on class 7 land. Tbis relationship was statistically significant for 
the land classes outside tbe delta cotton and corn area. The coefficient of 
'. 
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oorrelaUon was .939 and the eovariation about 88 per cent. The relation-
ship is shown graphically in Figure 12. 
The reiationllhip between productivity per acre and per person on 
fsnns was also statistically significant in southeastern Missouri (Figure 
13). The coefficient of I:orrelatlon was .994 which is above the one per 
cent point. 
The findings in this analysis reveal clearly the basie cause for many 
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tty per acre In ~utheast Missouri where C(ltton ~ a principal crop, 19"15. 
of the rural problems in Missouri. The farm population is not well ad· 
justed to the land resources. The number of persons per farm does not 
vary with the productivity of the land. Population density is related to 
type of farming rather than to productivity. In areas of low producing 
soila the principal enterprises are carried largely at the handcraft level, 
productivity per penon on fanna is small. In land class 7 it is on1y 254 
unitIJ. It la 1,264 units or almost f1.ve times as much in subarea INW. 
These diiferences are the basic eauaes of low fanilly income, inadequate 
hoUsing, unsatisfactory educational opportunities, poorly financed churches 
and many other economic and social problems. It is possible that the dit· 
fieuldel can be corrected to some extent by changing the land use and 
operatlDg unit pattern 80 the people who depend upon low producing land 
can have larger acreages from which Income can be obtained under exten-
sive uses-beef cattle raising or timber production for example. 
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There are, of coune, oPllOrtunities for increasing the productivity per 
man by mechanizing processes which are at present carried on by hand. 
The hand labor required to grow cotton can be reduced materially. Yields 
of cotton and of other crops can be increased by the use of fertilizer, by 
systematic crop rotations, improved tillage procedure, the selection of high 
yielding varieties, etreet1ve pest control and by the application of many 
other known facts. These measures should not be forgotten in working 
out procedures that will help people to satisfy the greatest number of 
human wanta. It should be kept in mind, however , that the response in 
tcrm8 of net economic benefits to the remedlea applied are likely to be 
different on each of the fl.fteen productivity land classes in the state. The 
answer to the problem of low family income in one area may not apply 
in another area. 
I!. Distribntion of Farm Fa.cUities.- The relationship of land produc-
tivity to the use of modern farm equipment and conveniences was examined 
with the following results: 
a. The percentage of farm telephones varied with the productivity 
of the land and the type of fanning found in the various areas of the state. 
In. 194!): six per cent of the farm homes were equipped with telephones in 
subarea 1SE where the land 1a highly productive and cotton is a principal 
crop. Only one per cent had telephones in subarea 4.SE where similar crops 
are grown, but the land is less productive. 
In. subarea 1NW, where the soils are fertile and the productivity per 
farm is the highest in the state, 92 per cent of the farms had telephones. 
Only 13 per cent had tbi.a service in land claaa 7 where most of the soils 
are poor and productivity per farm is the lowest in the state. Here it 
appears that productivity of tbe soil was a major factor In the use of a 
modem convenience. 
b. The percentage of farms equipped with running water also varied 
with the gross productivity of the land. The range in southeaatern Mis-
souri waa from 13 per cent in subarea 1SE to 3 per cent in 4.SE. In. other 
parts of the state the range W88 from 21 per cent in subarea 1NW and 
l C to 4. per cent in productivity cla.sses 3NW, 5, and 7. 
c. Farms equipped for electricity varied from 4.8 per cent in produc-
tivity clus 1e to 12 per cent in class 7. 
d. The type of road near the individual farm did not appear to be 
related to the gross productivity of the land. The proportion of all farms 
with hard surfaced roads ranged from 12 per cent in subarea lSE to 2 
per cent in class~. F or gravelled roads, the range was f rom M per cent 
in Bubarea SSW and tEe to 13 per cent in subarea 11'."W. Improved dirt 
roads were available to 48 per cent of the f&nnll in subarea lNW and 13 
per cent in 1C and 1SE. In. the case of unimproved dirt roads, the range 
was from 48 per cent in productivity classes 3NE and 7 to 13 per cent in 
3SE. 
6. Distribution of Llvestoek.-The percentage of farmers carrying a 
hog enterprise varied directly with the gross productivity of the land, ex-
cept in southeastern Missouri. In. that section the relationship waa inverse. 
40 MISSOURI ACRICULTURAL EXPERIMENT STATION 
The number of hogs per farm also varied directly with productivity. The 
average acreage of land per head showed an inverse relationship to soil 
productivity. 
Pork production is undoubtedly related to corn production, and the 
corn acreage is associated with the productivity ot the land. The number 
of bushels grown on the average farm in 1945 varied directly with soil 
produetivity, except in southeastern Missouri. The bushels produced per 
hog were fairly constant in all land classes. 
Cattle enterprises were larger on the more productive lands than on 
soils of low productivity, except in southeastern Missouri. The number 01 
acres per bead varied inversely with productivity. 
The distribution of chickens on farms showed little evidence of being 
nlated to productivity. The keeping of chickens probably is inftuenced 
more by the availability of labor and equipment for their care, location 
with respect to markets, and prohts from other enterprises than by the 
productivity of the soil. 
7. Use of Ume and Fertllizer.-The percentage of all farms using 
commercial fertilizer in 1939 varied inversely with the productivity of the 
cultivated land. Outside the cotton producing section, the proportion ranged 
from 36.9 per cent in subarea 4EC to 1.2 per cent in INW. In the cotton 
section, the highest percentage of farmers using commercial fertilizers was 
in subarea 3SE. Only.2 per cent of those on the most productive land 
used commercial fertilizer and 5.5 per cent on the poorest land. The use 
of fertilizer has increased materially in recent years. ~ responses have 
been obtained on all grades of land. The proportion of farmers using It 
has increased in all land class areas. 
The pm:entage of all farms applying lime in 1939 showed practically 
no tendency to vary with productivity. The range was from .1 per cent 
in subareas 1SE and 2SE to 16.2 per cent in 3NE. Factors such as con-
sciousness of need growing out of failure of desirable crops to produce 
satisfactorily on untreated land, acreage in pasture, custom, and availability 
of funds probably inll.uenced the use of lime more than did differences in 
productivity. 
SUMMARY 
The purposes of this study were two: (1) to measure the physical 
productivity of land in Missouri by areas and subareas where the crops 
grown and the yields that could be expected under customary farming 
practices were similar, and (2) to detennine the relationship between the 
level of productivity found in these areas and subareas and some economic 
and social factors that infiuence the general welfare of fann people. 
In order to reach these objectives, the land in the state was divided 
into fifteen a.reaa and subareaa for which separate determinations of pro-
ductivity were made. 
Productivity in each of these areas and subareas was based primarily 
upon the energy and protein equivalents of all primary products of the 
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land. The procedure was to select townships that were representative of 
each land class; find the acreage and average yield of crops as shown by 
data from the United States census: correct the yield determinations to 
the 1937·1946 ten-year average yields; reduce all feedstuffs, Including pas-
tures, to corn and cottonseed meal equivalents, and then to apply the 1928· 
1947 twenty·year average price of these two commodities to the totala. The 
value of cotton lint in the sections of the state where tbis crop it important 
waa added to the dollar value of other products to get the total produc· 
ivity. The productivity values wbich were obtained by this procedure were 
designated as productivity units per aere. 
Productivity in the di fferent land elan areas and subareas varied 
greatly. The range when calculated on the basis of total acreage In farms 
was from 49.60 units per cere in subarea ISE to 5.96 units in elalS 1. Pro-
ductivity on cultivated land varied much less than for all land in farms. 
In the cotton growing section the range was from 58.83 units per acre in 
subarea ISE to 32.:'8 in 4SE . Outside the cotton area productivity varied 
from 31.09 units per acre in subarea Ie to 16.78 units in class 7. 
When analyzed on a per farm basis, the range in gross productivity 
was 1.180 wide. It varied from 4,716 units on the average farm in subarea 
INW to 979 units in elaas 7. In the cotton section the range was from 
3,776 units in subarea ISE to 1,375 in 4SE. 
On a county basis, Pemiscot, with a relatively large acreage of class 1 
btnd, W8Jl first in productivity. Reynolds and Taney counties with moat 
of their acreage in land class 7, stood lut. 
The productivity determinations were tested statistically for homo-
geneity. Data from representative townships in subarea 3SW, where soU 
scientista believe productivity is more variable than in any other land class 
in the state, were used for this purpose. No significant difference was 
found in the productivity determinations of two groups of townships which 
were chosen at random to be representative of this subarea. The determina-
tions for all land class areas and subareas were, therefore, judged to be 
representative of the actual results obtained by farmers. 
Sign.itl.cant positive relationships were found between the following 
facto .... : 
1. Productivity per acre and the value of land and buildings per acre. 
2. Productivity of land and the 'value of buildings, except in southeast· 
ern Missouri. 
3. Productivity and the value of machinery per acre. This relation· 
ship was less signIficant in southeastern Missouri than In other 
parts of the state. 
4. Productivity per acre and the percentage of farms operated by rent-
era, except in lOutheastern Missouri. 
5. Productivity per farm and the percentage of farms rented. 
6. Productivity per acre and the amount of gross product per person 
on farms. This relationship was also significant in the delta cotton 
and corn area, but the number of units of productivity per person 
on farms was smaller than for other land classes in the state. 
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7. The proportion of farms equipped with telephones, running water, 
and electricity showed some tendency to vary with the productivity 
of the land. 
A signiJica.nt inverse relationship was found between the productivity 
of land and the percentage of owner operators. 
The analysis presents objective proof of the need for adjustments in 
land U&e and the size of operating units, particularly in the low producing 
classes. The findings should aid the following people: 
1. Prospective buyers of land. 
2. Rural appraisers, fire insurance companies, banks and other finan· 
cial institutions that provide services or make loans to farmers. 
3. Action agencies charged with the task of aiding low income farmers. 
4. Researeh workers in crops, solls, credit, farm organization and 
tenure who want to make their work applicable to specific condl· 
tions that influence the welfare of farm people. 
5. Government officials and business· executives whose task it is to 
frame policies that will lead to large expenditures for adjustments 
in agricultural production, or public service facilities such as roads, 
telephones, electric power lines, school buildings and marketing 
facilities. 
6. Business men who are planning sales campaigns for farm equip-
ment, household appliances and other goods used by farmers. 
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